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Abstract: Global warming, population growth, modifications in industry requirements and agricultural practices are significant, 
interrelated factors that gradually affect the hydrometeorological regime of an area. Lack of information regarding the 
potential changes of key water system variables, followed by the mismanagement of available water resources, such 
as the groundwater reserves, can aggravate the impact of droughts, which are natural phenomena related to the 
climatic variability of a region. The present work focused on the Dijle-Demer catchments in Belgium, examining 
initially the spatial and temporal variability of precipitation, temperature and groundwater recharge. Then, a trend 
analysis on a fifty seven-year hydrometeorological data record for two drought indices, SPI (Standardised 
Precipitation Index) and RDI (Reconnaissance Drought Index), was performed. The two-tailed Mann-Kendall non-
parametric test for trends was chosen to assess the tendency of the above indices and also the tendency of rainfall, 
maximum temperature and minimum temperature. The analysis was conducted for 3 reference periods: Annual, 
semester and trimester (over the entire period 1954-2011). Two levels of significance were considered: a=0.1 and 
a=0.05. For the grid cells where the Mann-Kendall test revealed the existence of a trend, the Sen’s Slope was 
evaluated to produce the median slope and identify whether the trend is positive or negative. Both RDI and SPI 
indices agreed in general on selected grids/locations where a positive (wetter) or negative (drier) slope was identified. 
Furthermore, it was observed that the RDI index is more sensitive to the identification of decreasing trends. 
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1. INTRODUCTION 

Drought is a natural hazardous phenomenon affecting practically all activities and sectors of the 
economy. It is a most complex phenomenon, difficult to detect its onset and its termination, its 
severity and its areal extent. This led scientists to characterise drought as a “creeping natural 
hazard” (Wilhite, 1993). Drought is initiated mostly by deficient precipitation and is considered 
directly related to the climatic variability of the affected region (Tate and Gustard, 2000). An 
operational definition of drought endorsed by a wide range of groups in the hydrological academic 
community is that of a recurrent regional phenomenon, characterised by a temporary severe 
decrease of water availability, deviating from normal conditions over a significant period of time 
affecting a large territorial area (Rossi et al., 1992; Tsakiris et al., 2013).  

International organisations are focusing their attention on the increasing threat of droughts in 
different regions of the world. Identification and characterisation of droughts is a challenge, mainly 
due to the climatic variability and the existing trends in the hydrometeorological timeseries. 
Although drought risk, a function of exposure and vulnerability of affected systems, is more 
pronounced in the water deficient countries, there are signs of impact in the water sufficient, 
developed countries of the temperate zones of the globe (Commission of European Communities, 
2007). Groundwater, which makes up of approximately 20% of the worlds freshwater supply, may 
act as a natural storage and defence against water shortages during the periods of drought. However, 
investigation efforts regarding groundwater vulnerability to climate change have not yet received 
full attention. Since the early 2000s, some studies were conducted focusing on the different manner 
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the projected higher temperatures and the predicted precipitation distributions may affect the direct, 
indirect and localised recharge processes of a region. Eckhardt and Ulbrich (2003) found relatively 
small changes in annual mean groundwater recharge and streamflow at a Central European low 
mountain range area but estimated pronounced changes in the intra-annual variability. Hisdal and 
Tallaksen (2003) pointed out that in permeable Danish basins with high groundwater contribution to 
streamflow, hydrological drought often lagged compared to meteorological droughts. Aguilera and 
Murillo (2009) estimated decreasing groundwater recharge trends to all 4 karstic aquifers in their 
study at Southeast Spain. Green et al. (2010) provided an overview and synthesis of key issues 
related to the potential impacts of global change on subsurface hydrology, the projections, 
observational methods and adaptation schemes. Building the adaptive capacity of a region includes, 
among others, quantification, monitoring and evaluation of the groundwater system, education and 
training adaptation to understand risk at a community level, and governance adaptation to set and 
regulate standards and allocations, as well as share responsibilities with local communities (Clifton 
et al., 2010).  

A first step for the assessment of existing conditions and quantification of potential climate 
change impacts on a hydrological system is to analyse the historical precipitation and temperature 
records of a region in order to reveal changing patterns. Statistically significant positive trends in 
temperature have been identified in European studies such as Ceppi et al. (2012) in Switzerland and 
Gocic and Trajkovic (2012) in Serbia. Gocic and Trajkovic (2013) focused further on precipitation 
and drought data. Tolika and Maheras (2005) and Koleva and Alexandrov (2008) examined the 
characteristics and trends of wet and dry spells in Greece and Bulgaria, respectively. The aim of the 
present study is to detect temporal and spatial changes in the magnitude of drought related indices 
and variables in recharging areas of Belgium aquifers, with a final target to contribute to the 
assessment of drought impacts on groundwater potential in future time horizons (Tallaksen et al., 
2006). 

2. DATA AND METHODOLOGY 

2.1 Study Area 

The current research examined the meteorological conditions of the north-central part of 
Belgium (Dijle-Demer catchments) during the period 1954 to 2011. The related underlying 
groundwater system is Brulandtkrijt. Demer is an 85 kilometre long, right-tributary of the river 
Dijle belonging to the Belgian Scheldt waterway. A significant portion of the study area is arable 
land (33%). The residential developments cover approximately the 20% of the total area while 
different types of forest comprise together about the 13% of the land. The map of the selected 
region was converted to a raster dataset of 10 by 10 km cell size. The chosen projection was 
Belgium Lambert 1972 with Belgian Datum. Monthly rainfall and average maximum and minimum 
temperature records were obtained from 26 weather stations (Figure 1). The spatial interpolation of 
the data was conducted according to the approach described by van der Goot (1998) in a two step 
process: first the most representative stations were selected for each cell and then an average was 
calculated for the maximum and minimum temperature data with a correction for the altitude 
difference between the grid cell and the station. The rainfall data were taken from the most suitable 
stations. 

Average monthly groundwater recharge maps were produced by the WetSpass water balance 
model (Batelaan and De Smedt, 2007), combining agrometeorological data from the Belgian Crop 
Growth Monitoring System (B-CGMS). The groundwater recharge estimations were based on time 
series from the years 1980 to 2013, which relate approximately to the 2nd half period of the initial 
time frame.  The 12 generated recharge layers were provided at a 100-meter resolution.  
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Figure 1: Location of study area and relevant weather stations (source: GroWaDRISK deliverable report 2.3) 

2.2 Methodology 

Drought is a recurring natural regional phenomenon associated with severe reduction of water 
supply availability for a region for a significant period of time. For quantifying a drought episode, 
three main dimensions can be modelled:  the severity, the duration and the areal extent. When 
performing frequency analysis, this multidimensional character of drought leads to obscure or 
difficult to understand procedures and decisions. In this context at least a bivariate frequency 
analysis is required. 

In an attempt to simplify the characterisation of drought events, the uni-dimensional analysis of 
droughts was proposed, appropriate for management decisions (Tsakiris, 2008). According to that 
simplification, the river basin or sub-basin is used as the territorial unit for drought analysis, 
whereas pre-specified reference periods are introduced for replacing the duration of the drought 
events on the temporal scale. In the present study, the above simplification was adopted with the 
only difference that the spatial dimension was represented by the squares (cells) in which the area of 
interest was divided, instead of sub-basins. The drought severity was evaluated primarily by the 
Reconnaissance Drought Index (RDI) and additionally by the Standardised Precipitation Index 
(SPI), a well known meteorological drought probability index that considers only precipitation. SPI 
is calculated by fitting a long term precipitation record to a gamma probability distribution that is 
then transformed into a normal distribution with zero mean and unit variance (McKee et al. 1993). 
Consecutive evaluation of SPI values equal to or lower to negative one (-1) signify the appearance 
of significant drought events. RDI is based on the ratio of the cumulative precipitation to the 
potential evapotranspiration values (Tsakiris and Vangelis, 2005; Tsakiris et al., 2007). There are 
three expressions of RDI: the initial, the normalised and the standardised. The initial value (αk) of 
RDI is usually calculated for the i-th year in a time basis of k (months) as follows: 
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in which Pij and PETij are the precipitation and potential evapotranspiration of the j-th month of the 
i-th year and N is the total number of years of the available data. 

This study investigated the trimester, semester and annual reference periods starting from the 
beginning of October. The potential evapotranspiration for RDI was calculated using the 
Hargreaves method, as proposed by Vangelis et al. (2013). The standardised RDI expression was 
evaluated following the gamma probability distribution and the same thresholds as SPI (Hayes et 
al., 2007). The two-tailed Mann-Kendall nonparametric test (Mann, 1945, Kendall, 1975) was 
conducted to detect trends in the RDI, SPI, temperature and precipitation records at each grid cell in 
the selected area. Two groundwater recharge zones (higher and lower) were identified and imposed 
on the grid maps to simultaneously investigate whether any detected trends affect differently 
regions with uneven recharge potential. 

3. RESULTS 

3.1 Data Description and Pre-processing  

Monthly rainfall, maximum and minimum temperature data were analysed to produce the 
trimester, semester and annual records for every grid cell. Depending on the reference period, 
during the 57 years of the study, the variation of maximum temperatures was about 1.3 to 2 degrees 
Celsius on average across the observed region and the variation of minimum temperatures about 1.5 
to 1.9 degrees Celsius. Small variations of rainfall were also observed in the different parts of the 
study. As shown by the boxplots in Figures 2 and 3 below, semester 1 (from October to March) 
carries most of the variation in total rain volume.  

 
 

Figure 2: Total rainfall volume variation along the study area for the time period 1954-2011 

The 100m resolution average monthly recharge layers were intersected by the 10km resolution 
subarea grid to produce maximum, minimum and average monthly recharge values for the 68 study 
subareas. The derived data show that the groundwater recharge rate during the first 6 months of the 
hydrological year, October to March, is almost double to the one related to the months April to 
September (Figures 4 and 5).  
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Figure 3: Total rainfall volume variation along the study area for the trimesters of the time period 1954-2011 

  

Figure 4: Annual and semester average groundwater recharge variations along the 68 subareas (time period 1980-
2013) 

 

Figure 5: Trimester average groundwater recharge variations along the 68 subareas (time period 1980-2013) 



64 E. Safiolea et al. 

 

The subarea annual average recharge data further show that the northeast and southwest sections 
contain the highest values and based on that, the region can be divided into 2 zones (Figure 6). 
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Figure 6: Higher and lower groundwater recharge zones 

 
 

Tables 2 and 3 below provide an insight on semester and trimester recharge information for the 
subareas with the 7 highest and 7 lowest annual average recharge rates (top 10% and bottom 10%). 
The two grids, 10x10 km2 and 100x100 m2, did not perfectly overlap at the study boundaries. The 
column ‘Num’ stands for the number of recharge estimations that contributed to each 10x10 km2 
subarea recharge value. The column ‘% Area’ refers to the portion of a subarea that provides either 
negative or equal to zero recharge. 
 

Table 1: Semester information for the top10% and bottom 10% groundwater recharge subareas 

 Semester 1 (Oct-Mar) Semester 2 (April-Sep) 

  

# Subarea 
(10x10 km2 
grid) 

Num  
 

Mean 
recharge  
(mm) 

Median 
recharge 
(mm) 

% 
Area 
 

Mean 
recharge  
(mm) 

Median 
recharge 
(mm) 

% 
Area 
 

To
p 

10
%

  

68 4292 288.57 286 0.14 169.04 198 0.19 

92 10000 287.58 286 0.43 155.20 173 0.65 

94 2027 299.58 310 0.54 135.80 152 0.54 

67 4410 308.79 319 0.27 124.00 116 0.27 

43 477 311.79 323 1.26 113.27 102 1.26 

93 5592 283.11 291 0.93 140.52 161 0.97 

156 10000 262.44 273 0.24 156.80 165 0.36 

B
ot

to
m

 1
0%

  

138 10000 178.10 199 0.52 80.94 74 2.56 

137 10000 182.40 197 0.01 75.21 62 1.39 

85 835 153.28 179 16.89 96.05 124 23.59 

161 10000 164.10 192 0.25 81.64 67 0.63 

162 10000 156.44 181 0.12 74.40 67 0.34 

40 2229 115.64 93 0.00 101.41 123 13.50 

132 847 80.93 54 6.82 117.52 114 0.00 
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Table 2: Trimester information for the top10% and bottom 10% groundwater recharge subareas 

10x10 km2 
grid 

Trimester 1 (Oct-Dec) 
recharge 

Trimester 2 (Jan-Mar) 
recharge 

Trimester 3 (Apr-Jun) 
recharge 

Trimester 4 (Jul-Sep) 
recharge 

		
# Sub-area  Mean 

(mm) 
Median 
(mm) % Area Mean 

(mm) 
Median 
(mm) % Area Mean  

(mm) 
Median 
(mm) % Area Mean   

(mm) 
Median 
(mm) % Area 

To
p 

10
%

  

68 159 160 0.14 129.57 126 0.14 86.14 100 0.21 82.9 98 0.14 

92 157.81 160 0.43 129.77 126 0.43 81.28 87 0.66 73.93 84 0.43 

94 155.1 155 0.54 144.48 150 0.54 76.59 80 0.54 59.21 72 0.54 

67 161.41 160 0.27 147.38 156 0.27 70.13 80 0.27 53.87 41 0.27 

43 163.92 164 1.26 147.87 154 1.26 65.26 73 1.68 48.01 35 1.26 

93 151.06 155 0.93 132.05 131 0.93 75.17 82 0.97 65.35 75 0.97 

156 145.85 152 0.24 116.59 121 0.24 75.18 78 0.38 81.62 87 0.35 

B
ot

to
m

 1
0%

  

138 90.08 99 0.6 88.02 104 0.52 47.8 52 2.57 33.14 23 2.48 

137 85.61 84 0.01 96.79 109 0.01 47.8 49 1.4 27.41 14 1.56 

85 89.52 108 16.89 63.76 71 16.89 50.25 66 24.31 45.8 60 25.03 

161 86.47 101 0.26 77.63 91 0.25 45.3 43 0.64 36.34 24 0.62 

162 81.73 100 0.15 74.7 91 0.12 42.74 45 0.34 31.66 22 0.34 

40 66.44 53 6.82 49.2 40 6.82 52.6 65 14.04 48.81 56 13.14 

132 47.02 32 0 33.91 23 0 55.54 54 0 61.98 60 0 

 
The Mann-Kendall test was performed to evaluate the potential trends of the two meteorological 

drought indices and the tendencies of rainfall, maximum and minimum temperatures at the two 
recharge zones. The analysis was conducted for the three reference periods at each grid cell. Two 
levels of significance were considered: a=0.05 and a=0.1. For the grid cells where the Mann-
Kendall test revealed the existence of a trend, the Sen’s Slope (Sen, 1968) was evaluated to produce 
the median slope and identify whether the trend is positive or negative. Only at the annual reference 
period, the index trend analysis produced both negative and positive trends at different locations in 
the study area. More specifically, the cell 181 presented a negative trend while the cells 136, 137 
and 160 a positive trend. The next sections discuss the semester and trimester reference periods 
where the analysis calculated either negative or positive trends at selected cells, relating to a 
tendency for drier or wetter conditions, respectively.  

3.2 Review of index trends related to drier conditions (meteorological drought) 

At the second semester and the third trimester Mann-Kendall runs, the test calculated statistically 
significant decreasing trends for the RDI and SPI indices at specific cells. Table 3 below 
summarises the results for the two levels of significance.  

 
Table 3: Negative trends for RDI and SPI 

Time Reference Cells with negative RDI trend Cells with negative SPI trend 
 α=5% α=10% α=5% α=10% 
Semester 2  
(April-September) 
 

181, 199 94, 118, 140, 142, 181, 199 none none 

Trimester 3 
(April-June) 

139, 156, 177, 178, 
179, 180, 181, 198, 
199 

95, 119, 138, 139, 156, 161, 
162, 177, 178, 179, 180, 181, 
198, 199 

181 138, 139, 156, 161, 
162, 177, 178, 179, 
180, 181, 198, 199 
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The negative trends were associated with the warmer season and mostly with the period 
extending from the end of spring to the beginning of summer. Figure 7 below illustrates on a grid 
the regions that were showing tendency for drier conditions. The dark cells relate to areas where 
both RDI and SPI presented negative trends for the same time reference and level of significance; 
the cells with the horizontal stripes relate to areas where only RDI exhibited negative trends. Grey 
cells do not present statistically significant trends.  
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Figure 7: The grid cells with negative RDI and SPI trends; a double outline surrounds the higher recharge areas 

 
The results from the RDI and SPI trend analysis were similar for 12 cells. The southwest higher 

groundwater recharge subareas were largely affected by these conditions. Some additional cells 
with negative slope were identified by the RDI Mann-Kendall test on the furthest northeast higher 
recharge zone. The cells with decreasing RDI trends at the second semester were a subset of those 
identified with decreasing trends at the third trimester. Table 4 below summarizes the Sen’s slope 
and some descriptive statistics for the RDI of the 3rd trimester for all the cells with negative trend at 
the 5% level of significance. The max, min and average/median values are provided for the 
reference period 1954-2011 as well as for the last 20 years of the analysis. It can be seen that the 
calculated Sen’s slope is mild, ranging from -0.016 to -0.031. As expected from the definition and 
calculation process of the RDI and SPI indices, the average values over the specified years 1954-
2011 are zero. The small tendency to drier conditions is captured by the average/median values of 
RDI over the last 20 years that are closer to the negative interval [-0.5 to -1] which is related to mild 
drought.  
 

Table 4: RDI statistics and SEN’s slope for cells with negative trend at a=5% 

RDI 3rd Trimester Statistics (Years 1954-2011) 
 Min Max Mean Median SEN’s slope 

139 -3.464 
(last 20 yrs: -2.23) 

1.647 
(last 20 yrs:  1.13) 

0.001 
(last 20 yrs: -0.45) 

-0.04 
(last 20 yrs: -0.26) -0.016 

156 -3.353 
(last 20 yrs: -1.83) 

2.160 
(last 20 yrs:  0.41) 

0.001 
(last 20 yrs: -0.43) 

0.07 
(last 20 yrs: -0.37) -0.019 

177 -3.352 
(last 20 yrs: -1.82) 

2.161 
(last 20 yrs:  0.41) 

0.001 
(last 20 yrs: -0.43) 

0.06 
(last 20 yrs: -0.37) -0.019 

178 -3.352 
(last 20 yrs: -1.82) 

2.161 
(last 20 yrs:  0.41) 

0.001 
(last 20 yrs: -0.43) 

0.06 
(last 20 yrs: -0.37) -0.019 

179 -3.352 
(last 20 yrs: -1.82) 

2.161 
(last 20 yrs:  0.41) 

0.001 
(last 20 yrs: -0.43) 

0.06 
(last 20 yrs: -0.37) -0.019 

180 -3.353 
(last 20 yrs: -1.83) 

2.160 
(last 20 yrs:  0.41) 

0.002 
(last 20 yrs: -0.43) 

0.07 
(last 20 yrs: -0.37) -0.019 

181 -3.298 
(last 20 yrs: -2.1) 

1.608 
(last 20 yrs:  1.46) 

0.001 
(last 20 yrs: -0.49) 

0.11 
(last 20 yrs: -0.48) -0.025 

198 -3.352 
(last 20 yrs: -1.82) 

2.161 
(last 20 yrs: 0.41) 

0.001 
(last 20 yrs: -0.43) 

0.06 
(last 20 yrs: -0.37) -0.019 

199 -3.09 
(last 20 yrs: -1.73) 

1.93 
(last 20 yrs: 1.46) 

0.001 
(last 20 yrs: -0.5) 

-0.05 
(last 20 yrs: -0.5) -0.031 
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3.3 Review of index trends related to wetter conditions  

During the first semester, first and second trimester, statistically significant positive trends of 
RDI and SPI indices were evaluated at selected cells in the study area. Table 5 below summarizes 
the results for the selected two levels of significance 5% and 10%.  
 

Table 5: Positive trends for RDI and SPI 

Time Reference Cells with positive RDI trend Cells with positive SPI trend 
 α=5% α=10% α=5% α=10% 
Semester 1 
(October-March) 

43, 65, 66, 89, 90, 
113 

43, 63, 65, 66, 89, 
90, 113, 114, 136, 
137, 160 

42, 43, 63, 64, 65, 66, 86, 
87, 88, 89, 90, 113, 114, 
136, 137, 156, 160, 177, 
178, 179, 180, 198, 199  
 

42, 43, 63, 64, 65, 66, 86, 87, 
88, 89, 90, 113, 114, 136, 
137, 156, 160, 177, 178, 179, 
180, 198, 199 

Trimester 1 
(October-December) 

43, 65, 66, 89, 90, 
113 

43, 65, 66, 89, 90, 
113, 114, 136, 137, 
160 

42, 43, 63, 64, 65, 66, 86, 
87, 88, 89, 90, 113, 114, 
136, 137, 156, 160, 177, 
178, 179, 180, 198, 199 

42, 43, 63, 64, 65, 66, 67, 68, 
86, 87, 88, 89, 90, 91. 92, 95, 
113, 114, 115, 116, 136, 137, 
156, 158, 159, 160, 177, 178, 
179, 180, 183, 198, 199 

Trimester 2 
(January-March 

none 43, 65, 66, 89, 90, 
113 

none none 

 
At the 5% level of significance of each index (columns 2 and 4), the 1st semester positive trends 

and the 1st trimester positive trends coincided at the same cells. Figure 8 below shows the grid cells 
that were evaluated with a tendency for wetter conditions. The dark cells relate to areas where both 
RDI and SPI presented positive trends during the same reference period and for the same level of 
significance; the cells with the vertical stripes relate to areas where only the SPI analysis showed 
positive trends. It is important to notice that according to the historical data, most groundwater 
recharge takes place during the 1st semester and the northern part of the study area includes water 
bodies that receive groundwater discharge mainly during drier periods of the year.  
 

	 	 40	 41	 42	 43	 	 	 	 	 	 	

	 61	 62	 63	 64	 65	 66	 67	 68	 	 	 	

	 85	 86	 87	 88	 89	 90	 91	 92	 93	 94	 95	

	 	 110	 111	 112	 113	 114	 115	 116	 117	 118	 119	

	 132	 133	 134	 135	 136	 137	 138	 139	 140	 141	 142	

	 155	 156	 157	 158	 159	 160	 161	 162	 163	 164	 165	

177	 178	 179	 180	 181	 182	 183	 184	 185	 186	 187	 	

198	 199	

 
Figure 8: The grid cells with positive RDI and SPI trends; a double outline surrounds the higher recharge areas 

 
The results from the RDI and SPI trend analysis were similar for 11 cells. Most of the positive 

trends were identified by the SPI analysis at the 10% level of significance of the 1st trimester 
reference period. Table 6 below summarizes the Sen’s slope and some descriptive statistics for the 
SPI index of the 1st trimester for all the cells with positive trend at the 5% level of significance. The 
max, min and average/median values are provided for the reference period 1954-2011 as well as for 
the last 20 years. Sen’s slope is mild, ranging from 0.017 to 0.023. The average and median values 
of SPI from the last 20 years statistics (1992-2011) conform to the positive trend, pointing slightly 
towards wetter conditions.     



68 E. Safiolea et al. 

 

Table 6: SPI statistics and SEN’s slope for cells with positive trend at a=5% 

SPI 1st trimester statistics (years 1954-2011) 
Cell Min Max Mean Median SEN’s slope 

42 -2.438 
(last 20 yrs: -2.44) 

2.291 
(last 20 yrs: 1.71) 

0.000 
(last 20 yrs: 0.24) 

0.02 
(last 20 yrs: 0.26) 0.017 

43 -2.346 
(last 20 yrs: 2.35) 

1.789 
(last 20 yrs: 1.79) 

0.001 
(last 20 yrs: 0.36) 

0.12 
(last 20 yrs: 0.33) 0.023 

63 -2.438 
(last 20 yrs: -2.44) 

2.291 
(last 20 yrs: 1.71) 

0.000 
(last 20 yrs: 0.24) 

0.02 
(last 20 yrs: 0.26) 0.017 

64 -2.438 
(last 20 yrs: -2.44) 

2.291 
(last 20 yrs: 1.71) 

0.000 
(last 20 yrs: 0.24) 

0.02 
(last 20 yrs: 0.26) 0.017 

65 -2.346 
(last 20 yrs: 2.35) 

1.789 
(last 20 yrs: 1.79) 

0.001 
(last 20 yrs: 0.36) 

0.12 
(last 20 yrs: 0.33) 0.023 

66 -2.346 
(last 20 yrs: 2.35) 

1.789 
(last 20 yrs: 1.79) 

0.001 
(last 20 yrs: 0.36) 

0.12 
(last 20 yrs: 0.33) 0.023 

86 -2.436 
(last 20 yrs: -2.44) 

2.289 
(last 20 yrs: 1.70) 

0.000 
(last 20 yrs: 0.24) 

0.02 
(last 20 yrs: 0.26) 0.017 

87 -2.436 
(last 20 yrs: -2.44) 

2.289 
(last 20 yrs: 1.70) 

0.000 
(last 20 yrs: 0.24) 

0.02 
(last 20 yrs: 0.26) 0.017 

88 -2.438 
(last 20 yrs: -2.44) 

2.291 
(last 20 yrs: 1.71) 

0.000 
(last 20 yrs: 0.24) 

0.02 
(last 20 yrs: 0.26) 0.017 

89 -2.346 
(last 20 yrs: 2.35) 

1.789 
(last 20 yrs: 1.79) 

0.001 
(last 20 yrs: 0.36) 

0.12 
(last 20 yrs: 0.33) 0.023 

90 -2.346 
(last 20 yrs: 2.35) 

1.789 
(last 20 yrs: 1.79) 

0.001 
(last 20 yrs: 0.36) 

0.12 
(last 20 yrs: 0.33) 0.023 

113 -2.346 
(last 20 yrs: 2.35) 

1.789 
(last 20 yrs: 1.79) 

0.001 
(last 20 yrs: 0.36) 

0.12 
(last 20 yrs: 0.33) 0.023 

114 -2.238 
(last 20 yrs: -1.68) 

1.936 
(last 20 yrs: 1.94) 

0.000 
(last 20 yrs: 0.32) 

0.08 
(last 20 yrs: 0.17) 0.018 

136 -2.238 
(last 20 yrs: -1.68) 

1.936 
(last 20 yrs: 1.94) 

0.000 
(last 20 yrs: 0.32) 

0.08 
(last 20 yrs: 0.17) 0.018 

137 -2.238 
(last 20 yrs: -1.68) 

1.936 
(last 20 yrs: 1.94) 

0.000 
(last 20 yrs: 0.32) 

0.08 
(last 20 yrs: 0.17) 0.018 

156 -2.274 
(last 20 yrs: -2.27) 

1.798 
(last 20 yrs: 1.77) 

0.000 
(last 20 yrs: 0.29) 

-0.06 
(last 20 yrs: 0.37) 0.017 

160 -2.238 
(last 20 yrs: -1.68) 

1.936 
(last 20 yrs: 1.94) 

0.000 
(last 20 yrs: 0.32) 

0.08 
(last 20 yrs: 0.17) 0.018 

177 -2.274 
(last 20 yrs: -2.27) 

1.798 
(last 20 yrs: 1.77) 

0.000 
(last 20 yrs: 0.29) 

-0.06 
(last 20 yrs: 0.37) 0.017 

178 -2.274 
(last 20 yrs: -2.27) 

1.798 
(last 20 yrs: 1.77) 

0.000 
(last 20 yrs: 0.29) 

-0.06 
(last 20 yrs: 0.37) 0.017 

179 -2.274 
(last 20 yrs: -2.27) 

1.798 
(last 20 yrs: 1.77) 

0.000 
(last 20 yrs: 0.29) 

-0.06 
(last 20 yrs: 0.37) 0.017 

180 -2.274 
(last 20 yrs: -2.27) 

1.798 
(last 20 yrs: 1.77) 

0.000 
(last 20 yrs: 0.29) 

-0.06 
(last 20 yrs: 0.37) 0.017 

198 -2.274 
(last 20 yrs: -2.27) 

1.798 
(last 20 yrs: 1.77) 

0.000 
(last 20 yrs: 0.29) 

-0.06 
(last 20 yrs: 0.37) 0.017 

199 -2.274 
(last 20 yrs: -2.27) 

1.798 
(last 20 yrs: 1.77) 

0.000 
(last 20 yrs: 0.29) 

-0.06 
(last 20 yrs: 0.37) 0.017 

3.4 Comparative review of the meteorological drought index trends and parameter trends 

Most of the grid cells in the study area showed statistically significant positive slope for both 
average maximum and minimum temperature, in all reference periods. The dominant parameter 
affecting the RDI and SPI indices is rainfall. Thus, the influence of positive or negative rainfall 
trends was detected in both RDI and SPI trend results. Figure 9 refers to semester 1 trend analysis at 
the 5% level of significance. In the specific reference period, the RDI and SPI trend analysis 
produced similar trend results at 6 cells. In semester 1, the SPI trend results mirrored precisely those 
of rainfall. The RDI results were further influenced by the positive temperature tendencies and 
provided statistically positive results only at the cells with the steeper rainfall trends. 
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Figure 9: Comparative review of the 1st semester trends at the 5% level of significance 
 

 
 

Figure 10: Comparative review of the 3rd trimester trends at the 5% level of significance 



70 E. Safiolea et al. 

 

Figure 10 below illustrates a similar interrelation between the indices and the parameters for the 
drier season (trimester 3 analysis at a 5% level of significance). Both RDI and SPI capture the 
negative tendency of rainfall at cell 181. Furthermore, RDI is influenced by the negative trends of 
temperature at the southwest region of the study area, describing the relative impact of increasing 
temperatures in the area. 

4. CONCLUDING REMARKS 

The present study conducted non-parametric, ranked-based Mann Kendall tests on fifty seven-
year hydrometeorological data records of two drought indices, RDI and SPI, and their related 
parameters to detect trends along the case study area comprising the Dijle-Demer catchments in 
Belgium. Three reference periods were examined: the annual, the semester and the trimester. For 
the same reference period, the SPI and RDI trend results and the related Sen’s slope estimator 
agreed in direction and magnitude at several cells. All statistically significant calculated slopes were 
mild. Some spatial and temporal differences were identified regarding the direction of the indices 
trends. During the 1st semester as well as the 1st and 2nd trimester, the indices produced positive 
trends at some locations while during the 2nd semester and the 3rd trimester, the trend analysis of 
both indices produced negative results at other locations. A few grid cells were identified by RDI as 
having a negative slope during the third trimester and by SPI as having a positive slope during the 
first trimester. Rainfall trends were mostly positive with an exception during the 3rd trimester 
(spring). SPI trends followed in a high degree the rainfall tendency for wetter or drier conditions. 
RDI trends were also influenced by the rainfall trends but additionally affected by the temperature 
trends, capturing the tendency of areas to become drier with rising temperature. Maximum and 
minimum temperatures presented a small positive trend throughout the region in all cases. At the 
5% level of significance, there were no statistically significant index trends detected in trimesters 2 
and 4. The southwest higher recharge subareas were more vulnerable to both varying precipitation 
and temperature tendencies along the year. However, most recharge occurs on the 1st semester 
where precipitation trends are positive. Determining how some parameter variations may impact the 
underlying aquifers is a complex problem. The additional influence of mildly rising temperatures 
during the whole year does not plainly affect the annual recharge but subsequently shifts the 
balance between surface water, land cover and groundwater discharge at specific locations, 
changing the need of water supply for different uses during specific seasons. Based on the study 
results, more focused analysis can be followed regarding the potential future contribution of the 3rd 
trimester’s mild negative index trends in specific regions to different types of drought, such as 
hydrological/groundwater and agricultural drought. 
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